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i.  FOREWORD 


This  research  at  the  University  of  Delaware  under  Grant 
AF-AFOSR  922-67  for  the  period  November  1,  1968  through  April  30,  1969 
was  sponsored  by  the  Air  Force  Office  of  Scientific  Research,  Office 
of  Aerospace  Research,  United  States  Air  Force. 

The  overall  goal  of  this  research  is  to  provide  the  Air 
Force  with  design  criteria  for  obtaining  a  wider  spectrum  of  solid 
propellant  burning  rates  than  is  currently  available. 


ii. ABSTRACT 


Single  crystals  have  been  prepared  from  A. P.  solutions 
containing  207.  by  weight  Ba (0104)2-  Analyses  for  Ba++  content  in  the 
crystals  are  being  made.  Single  crystals  of  methyl  ammonium  per¬ 
chlorate  were  grown  and  submitted  for  combustion  testing  comparison 
with  pure  A. P.  A  number  of  new  perchlorate  and  nitrate  oxidizers 
were  prepared  and  characterization  was  begun.  To  date,  the  fastest 
burning  oxidizer  has  been  methyl  ammonium  perchlorate  (2  1/2  times 
as  fsst  as  A.P.;  and  the  slowest  has  been  tetramethyl  ammonium  nitrate 
(1/2  ss  fast  as  A.P.). 
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Introduction 


A  fundamental  understanding  of  the  combustion  characteristics 
of  a  range  of  physical  conditions  of  crystalline  oxidizers  is  important 
if  complete  knowledge  pertaining  to  the  combustion  and  stability 
characteristics  of  composite  solid  propellants  is  to  be  attained.  This 
research  involves  the  theoretical  and  experimental  studies  of  the 
burning  of  crystalline  oxidizers  ranging  in  physical  form  from  large 
single  crystals  to  low  bulk  density  powders.  A  strandburner,  window 
bomb  and  high-speed  motion  picture  photography  will  be  used  to  obtain 
burning  rates  versus  pressure,  and  to  record  stability  of  combustion 
for  a  variety  of  particle  sizes  and  pressure  (density)  packings  of 
selected  crystalline  oxidizers  (i.e.,  ammonium  perchlorate)  and 
analogous  compounds.  The  study  of  large  single  crystal  burning  will 
remove  particle  size,  shape  and  packing  factors  as  complications. 

Data  from  low  bulk  density  powder  combustion  studies,  when  compared 
with  single  crystal  data,  provides  vital  information  about  the 
characteristic  surface,  combustion  zone  thickness,  ignition  and  con¬ 
ductivity  contributions  to  the  overall  comubstion  phenomena. 

In  addition,  it  is  believed  that  simple  combustion  tests 
of  powder  oxidizer  samples  can  serve  as  an  efficient  screening  technique 
for  determining  whether  chemical  modifications  have  increased  or 
decreased  the  intrinsic  burning  rate.  Crystalline  decomposition 
mechanisms  observed  during  burning  will  be  related  to  the  oxidizer 
intrinsic  burning  rate  and  the  basic  properties  of  the  oxidizer  such 
as  chemical  nature,  crystal  type  and  ion  sizes.  The  validity  of  the 
models  will  be  determined  by  correlation  with  the  experimental  data 
obtained. 


II.  Preparation  of  New  Monopropellants 


As  described  in  our  previous  report, we  have  been 
preparing  alkyl  substituted  derivatives  of  ammonium  perchlorate  and 
ammonium  nitrate,  the  two  chief  oxidizers  that  have  been  used  in  solid 
propellants.  The  object  is  to  learn  mor  .<bout  oxidizer  combustion 
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dynamics  through  studying  the  effects  of  anion  and  cation  changes 
During  the  current  period,  further  compounds  were  prepared  as  shown 
in  Table  1.  The  ammonium  perchlorate  series  now  includes  the  four 
methyl  substitutes.,  the  ethyl  substitution  for  comparison  with  the 
combustion  of  the  diethyl  compound,  and  the  isopropyl  substitution 
for  comparison  with  trimethyl  ammonium  perchlorate. 

The  analogous  compounds  have  been  prepared  for  the  ammonium 
nitrate  series  Some  difficulty  in  obtaining  crystal  products  was 
ancountered.  In  addition,  a  few  extra  nitrates  were  made  available. 

The  combustion  tests  for  the  new  compounds  are  still  being  run. 

However,  it  was  found  that  neither  tetraethyl  AN  nor  ethyl  tripropyl 
AN  would  burn  at  ambient  pressure  Although  we  have  not  checked  the 
specific  impulse  calculations  for  these'  two  compounds,  we  suspect  that 
these  compounds  are  under-oxidized  to  the  extent  that  they  cannot 
support  combustion  as  monopropellants.  Recently.-  Pittman*2)  has  pub¬ 
lished  a  table  showing  the  effects  of  a  Ferrocene  catalyst  on:  AF, 
ethylammonium  perchlorate  and  tetramethyl  ammonium  perchlorate  oxidized 
propellants  among  others.  Extending  studies  by  Flanigan,  Pellet  has 
shown  that  all  of  these  propellants  are  catalyzed  by  Ferrocene  materials, 
except  tetramethyl  ammonium  perchlorate.  The  reason  proposed  is  that 
tetramethyl  ammonium  perchlorate  does  not  decompose  to  give  perchlorate 
acid  as  a  primary  decomposition  product.  Iron  compounds  are  known  to 
be  good  catalysts  for  perchloric  acid  decomposition.  We  have  found  it 
interesting  that  the  tetra-substituted  materials  have  featureless  DTA 
plots  showing  only  the  final  endotherm  and  exctherm. 

As  far  as  possible,  these  crystalline  oxidizers  will  be 
size  classified  to  give  -40-50  mesh  material  to  check  the  powder 
burning  rates.  In  a  few  instances,  we  are  not  able  to  obtain 
crystalline  materials  or  the  crystal  habit  was  extremely  plate-like 
or  needle-like  so  that  normal  size  classification  is  not  too  useful. 

These  cases  will  be  noted.  The  combustion  tests  for  this  series  are 
now  being  completed. 


OXIDIZER  COMBUSTION  TESTS ;  SUBSTITUTED  AMMONIUM  PERCHLORATES  AND  NITRATES 


(Samples  -40+50  mesh  (350p.)  oxidizer  loaded  into  4mm  diam.  paper  straws) 
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Ill  _ Combustion  Modification  Tests 


As  discussed  in  the  previous  report,  an  investigation  was 
made  of  compounds  which  might  possibly  retard  thr  combustion  of  ammonium 
perchlorate.  It  was  felt  that  if  extremely  thermally  resistant  organic 
fuels  were  added  to  AP,  there  might  be  enough  delay  in  the  gas  phase 
reaction  to  thicken  the  flame  reaction  zone  and  allow  some  surface 
cooling;  and  thereby,  a  lower  burning  rate. 

As  can  be  seen  in  Table  II,  we  are  thus  far  unable  to 
slow  a  reduction  in  burning  rate  using  two  types  of  highly  stable 
organic  molecules.  We  tried  tetraphenyl  cyclopenta  disnone  (shown  as 
"Dienone"  in  Table  II)  and  tetraphenyltniophene  (shown  as  "TPT")- 
The  effect  was  checked  at  ambient  pressure  500  psi  and  1,000  psi. 

The  only  conclusion  we  have  drawn  is  that  although  these  compounds  are 
highly  resistant  to  thermal  breakdown  in  the  ammonium  perchlorate 
flame,  the  breakdown  must  occur  quite  rapidly.  Then  the  fuel  value 
of  the  breakdown  products,  added  to  the  ozidizer  products,  still 
produce  a  hotter  flame  soon  enough  to  cause  an  increase  in  burning 
rate.  It  may  be  that  these  compounds  could  slow  propellant  combustion 
when  incorporated  in  the  binder.  This  will  require  a  separate  study. 

It  appears  that  a  fundamental  slowing  of  the  ammonium 
perchlorate  monopropellant  combustion  reaction  is  going  to  have  to 
come  from  significantly  stabilizing  the  perchloric  acid  molecule  in 
the  gas  phase.  There  is  still  the  possibility  of  stabilizing  the 
cry  ttal  by  slowing  electron  transfer  in  the  solid  phase  which  could 
also  lower  burning  rate  Maycock  has  described  this  effect  with 
perchlorates 4) .  To  that  end,  we  have  attempted  to  place  divalent 
cations  in  the  A.P.  crystal  lattice. 


IV.  Single  Crystal  Growth 


During  this  period,  many  attempts  were  made  t  >  grow  AP 
doped  with  barium  (Ba~  ) .  In  most  cases,  needle-  and  pltte-like 
modifications  were  obtained.  However,  recently,  we  have  obtained 


TABLE  II 


COMBUSTION  TESTS:  AP  PLUS  HIGH  THERMAL  STABILITY  ORGANIC  ADDITIVES 


(Samples  -40+50  mesh  (350p.)  oxidizer  plus 
cstslyst  loaded  into  4  mm  diam.  paper  straws) 
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good  single  crystals  that  have  been  cut  to  remove  all  impurities. 

They  will  be  analyzed  for  barium  content.  These  crystals  were  finally 
prepared  from  water  solution  containing  20%  by  weight  of  solids  as 
barium  perchlorate  and  80%  ammonium  perchlorate. 

Also  during  this  period,  two  single  crystals  of  methyl- 
ammo  lum  perchlorate  wtre  grown.  Since  they  appeared  suitable  for 
combustion  tests,  they  were  sent  to  Mr.  E.  W.  Price  at  China  Lake. 
Methylaramonium  perchlorate,  tested  as  a  powder,  has  been  the  fastest 
burning  monopropellant  identified  thus  far. 


V.  Conclus ions 


1.  A  variety  of  substituted  ammonium  cations,  and  the  perchlorate  and 
nitrate  anions,  can  be  used  to  prepare  crystalline  oxidizers. 

2.  Many  of  these  are  monoprcpellants  and  some  can  be  made  as  single 
crystals . 

3.  Simple  combustion  tests  of  the  unpressed  granular  materials  show 
interesting  burning  rate  changes  with  ion  changes. 

4.  Correlation  of  burning  rate  with  monopropellant  oxidizer  chemical 
and  physical  properties  has  not  been  accomplished  yet  -  but 
specific  impulse,  adiabatic  flame  temperature  and  crystal  response 
to  thermal  input  as  shown  by  DTA,  seem  to  be  key  factors. 

5.  Highly  stable  organic  compounds  (500°C-900°C  decomposition)  as 
powder  additives  have  not  shown  the  ability  to  reduce  burning  rate 
of  A.P.  powder.  Apparently,  an  even  higher  decomposition  point, 
possibly  nearer  the  A.P.  adiabatic  flame  temperature  of  1077°C, 

is  required. 


6.  DTA's  of  the  methyl  tetra-substituted  ammonium  perchlorate  and 
ammonium  nitrate  are  relatively  featureless  with  high  temperature 
endo  and  exotherms.  Neither  of  these  compounds  would  tend  to  form 
the  free  acids  as  primary  decomposition  products.  Flanigan  has 
shown  that  where  HC10&  is  not  formed  iron  catalysts  are  not 
effective.  SchraidtO)  has  shown  that  the  temperature  of  the  first 
endotherm,  indicating  force  rotation  of  ClO^  ions,  is  the  lowest 
temperature  to  which  decomposition  can  be  shifted  by  catalysis. 
Thus,  by  either  of  these  criteria,  tetramethyl  AP  and  tetramethyl 
AN  should  have  high  solid  phase  stability,  having  first  endotherms 
at  about  3  50°C,  as  compared  with  AP  and  AN  having  endotherms 
100°C  and  200°C  lower,  respectively. 


VI.  Future  Work 


1.  Continued  growth  of  doped  single  crystals  to  obtain  both  high 
and  low  burning  rates. 

2.  Growth  of  single  crystals  of  new  oxidizers  for  comparison  with 
A.P.  combustion. 

3.  Powder  combustion  tests  of  substituted  AP's  and  AN's. 

4.  Study  of  effects  of  catalysts  on  varying  oxidizer  structures. 

5.  Continued  study  of  the  effect  of  stability  of  organic  compounds 
on  combustion  dynamics  in  the  presence  of  perchlorate  oxidizers. 
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of  new  perchlorate  and  nitrate  oxidizers  were  prepared  and  characteriza¬ 
tion  was  begun.  To  date,  the  fastest  burning  oxidizer  has  been  methyl 
ammonium  perchlorate  (2  1/2  times  as  fast  as  A.  P. ;  and  the  slowest  has 
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